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INTRODUCTION. 
It has been stated by Beniasch (1)  that  the acid flocculation op- 
timum of  bacteria is referable only to the CH + and is  not influenced 
by the unionized acid or the anion of the acid.  This concept may hold 
for buffer mixtures made up of certain acids and their sodium salts. 
But certain buffer mixtures exist which are composed of an acid plus 
some totally different substance, bearing no close chemical relation- 
ship  to  the  acid.  Examples of  such buffer mixtures  are  glycocoll- 
HC1  and  glycocoll-Na  acetate-NaH2PO~-HC1.  These  have  been 
found by the writer (2) to be very useful in acid agglutination studies. 
It is important to learn whether such buffer substances exert an effect 
on the acid agglutination point of bacteria, which might differ from 
the values found for the Michaelis (3)  series. 
EXPERIMENTAL. 
The Na  lactate-lactic acid buffer series of  M.ichaelis  (3)  covers a 
range from pH  4.7  to  2.4.  It was  desired to  test  the  behavior of 
distilled  water  suspensions  of  Microbe  G  and  I)  in  higher  CH+. 
Since this range was not covered by the Na lactate-lactic acid series, 
recourse was had to the glycocoll-HC1 series of S6rensen (4),  which 
covers a range from pH 3.0 to pH 1.2.  This buffer series was prepared 
from the S6rensen chart. 
The pH of these mixtures was tested colorimetrically and Checked 
by the potentiometer. 
The flocculating activity of this  buffer series was  then  compared 
to  that  of  the  Na  lactate-lactic  acid  series.  The  technique of  the 
395 
The Journal of General Physiology396  MECHANISM  OF  GRANULAR  GROWTH 
experiments was identical with that described in the preceding paper 
(5).  1 cc. of the buffer mixtures was added to equal volumes of four 
times  washed  distilled  water  suspensions  of  Microbes  D  and  G, 
bacillus of rabbit septicemia.  The mixtures were placed in the water 
bath at 43°C.  for 16  hours, and readings taken.  The results of this 
experiment are recorded in Table I. 
TABLE  I. 
Agglutination  of Microbes D and G in Na Lactate-Lactic Acid and Glycocoll-HCl 
Buffer Series. 
Na  lactate- 
lactic acid. 
Glycocoll- 
HC1. 
pI-I 
Microbe D. 
Microbe G. 
pH 
Microbe D. 
Microbe G. 
4.? 
0 
c  c 
3.0  2.8 
c  c 
++ ++ 
4.5  4.1 
o  o 
c 
2.6 
c 
+ 
3.8 
++ 
++ 
2.4 
C 
+ 
3.5 
C 
+  o 
2.5  2.0 
++ ++ 
+  0 
3.3  3.0 
c  + 
0 
1.8 
++ 
0 
2.7 
+ 
1.6 
++ 
o 
2.4  Complete 
agglutination. 
pB 
0  3.5--3.3 
None at 2.7- 
2.4. 
0  4.7-4.1 
None at 3.3- 
2.4.  ! 
1.4 1.2 
+]  0  3.0-2.8 
0  0  ++  3.0-2.~ 
In this and the following  tables the mixtures were kept in the water bath  for 
16 hours at 43°C.  C indicates complete fl0cculation; Tr.,  trace. 
The results given in Table I  indicate that other factors besides the 
Ca+  are  important  in  the  interpretation of  the  acid  agglutination 
point of  the organism in question.  In  the case of  Microbe D,  Na 
lactate-lactic acid series, for example, complete flocculation occurs at 
pH 3.5 to 3.3, slight at pH 3.0,  a  trace at pH 2.7,  and none at all at 
pH 2.4. 
On the other hand, Microbe D  in the glycocoll-HC1 series, floccu- 
lates completely at pH 3.0, 2.8, 2.6, and 2.4.  This difference of effect 
in the two buffer series is illustrated graphically in Fig. 1. 
A similar result occurs in the case of Microbe G which flocculates 
completely at pH 4.7, 4.5, and 4.1, and not at all at pH 3.0  to 2.4, in 
the Na lactate-lactic acid series.  Yet  +  +  agglutination occurs at PAUL H.  D~ I~RVlF  397 
pH 3.0 and 2.8  and  +  at pH 2.6  to 2.2  of the  glycocoll-HC1 series. 
It would appear  that the glycocoll or the anion of the acid has the 
property  of  broadening the  acid  agglutination optima  of Microbes 
D and G, or of shifting the optima toward a zone of higher CH +. 
These results led to experiments which suggest an explanation for 
the granular growth of Microbe  G in plain broth.  Washed suspen- 
sions  of  this organism in  distilled water, pH  6.0,  do  not  sediment. 
On the other hand, rapid sedimentation occurs in plain broth at pH 
7.4  to 7.0.  This leads to the conclusion that broth contains a  con- 
stituent which, per se, agglutinates the Type  G  organisms, or which 
has  the property, like glycocoll, of shifting their acid agglutination 
optimum. 
0 
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FIG.  1. 
Preliminary experiments were made in which the flocculating effect 
of the various components of plain broth were tested against washed 
distilled water  suspensions of Microbe  G.  The  constituents tested 
were beef infusion, peptone, and Na~HPO4. 
Beef Infusion.--500  gin. of chopped beef were extracted in 1,000 cc. of tap 
water, in the ice box for 16 hours.  The mixture was then boiled for 30 minutes, 
filtered, titrated to pH 7.4, refiltered, and sterilized in the autoclave. 
Peptone Solution.--lO  gm. of Fairchild's peptone were dissolved in 1,000 cc. 
of distilled  water, boiled for 30 minutes, filtered, adjusted to pH 7.4, and sterilized 
in the autoclave. 
Na2ttPO,.--IO  gin. of this salt were dissolved in one liter of distilled water 
adjusted to pH 7.4, and sterilized in the autoclave. pH 
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Of  these  three  solutions,  at  pH  7.4,  beef infusion  alone  showed 
marked flocculating activity against Microbe G. 
The flocculating effect of beef infusion at varying acidities was now 
tested.  The  beef infusion  solution just described was titrated  with 
N/10 HC1 to increasing  degrees of acidity,  from pH  7.5  to pH  2.0. 
The  beef infusion at all of these CH + was now diluted with distilled 
H,O, the dilutions increasing from  1:2  to 1:40.  Each of these dilu- 
tions at each pH, was now added in equal volume to 1 cc. of distilled 
water  suspensions  of  four  times  washed  Microbes  D  and  G.  The 
mixtures were kept in the water bath for 16 hours at 43°C., and read- 
ings taken.  The results are recorded in Tables II and III. 
TABLE  II. 
Beef Infusion Agglutination  of Microbe G at Varying Ca+. 
+  7.5 
7.0 
6.5 
6.0 
5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
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Amount of beef infusion. 
5  02 
ent  per c,~ 
+" 
c 
c 
c 
c 
c 
c 
c 
c 
c 
0.25  0.2 
)er  cent  t~r  cen_~t 
++  ++ 
c  c 
c  c 
c  ++ 
c  ]++ 
++1++  ++/  + 
0.075 
percent 
0 
0 
c 
Result. 
Final volume of beef infu- 
sion dilution  =  1.0  cc. 
+  distilled 1-120 suspen- 
sion G 1.0 cc. 
Table II shows for Type G, that,  as the acidity increases down to 
to pH 4.5,  the amount  of beef infusion necessary to cause complete 
agglutination  becomes less and less.  At pH 4.5  to pH 4.0 traces of 
beef infusion  cause complete agglutination.  This point corresponds 
to  the  acid  agglutination  optimum  of  Microbe  G  in  various  buffer 
series.  Beyond this point, that is, at pH <4.0, increasing amounts of 
beef infusion are again necessary to produce complete flocculation. 
Table III shows the same effect in the case of Microbe D, the only 
difference being that  complete flocculation of the D  type by a  given PAUL H.  DE KRUIF  399 
concentration of beef infusion demands a higher CH + than in the case 
of Type G.  For each organism the range of CE+ at which the small- 
est  amount  of beef infusion is required for complete sedimentation is 
precisely  the  optimum  zone  of  acid  agglutination  described  in  the 
preceding paper. 
The results of the experiments recorded in Tables II  and  III  are 
represented graphically in Fig, 2, in which the pH of the various  dilu- 
tions of beef infusion are plotted on  the  abscissae  against  the  recip- 
TABLE III. 
Beef Infusion Agglutination of Microbe D at Varying C,,+. 
pH 
7.5 
7.0 
6.5 
6.0 
5.0 
4.5 
4.0 
3.5 
3.0 
2..5 
2.0 
1.0 
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Tr. 
+ 
Amount of beef  infusion. 
m 
m 
0.75  0.5 
percent  percent 
0  0 
+  + 
C  C 
C  C 
C  C 
C  C 
C  C 
C  C 
C  C 
C  C 
[  c  c 
0.25 
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0 
Tr. 
++ 
++ 
C 
C 
C 
C 
C 
C 
++ 
0.2 
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0 
0 
+ 
+ 
++ 
C 
C 
C 
++ 
++ 
++ 
0.1 
per cent 
0 
0 
0 
Tr. 
+ 
++ 
C 
C 
++ 
++ 
+ 
0.075 
per cent 
0 
0 
0 
Tr. 
+ 
++ 
C 
C 
++ 
++ 
+ 
Res~t. 
Final volume of beef infu- 
sion dilution --- 1.0 cc. + 
distilled  H20  suspension 
D 1.0 cc. 
totals of the amount of beef infusion on the  ordinates.  That  is,  1.0 
cc. of beef infusion is represented by 1,  0.5  cc.  by  2,  0.5  cc.  by  4, 
and  so on.  The points  recorded on the graphs  are in  all  cases  the 
amounts of beef infusion which cause completeflocculation,  represented 
by C, Tables II and III. 
The graphs of Fig.  2  would seem to afford an explanation for the 
granular growth of Microbe  G  and the diffuse growth of Microbe D 
in  broth,  since  at  pH  7.0,  the  CH +  at  which  these  organisms are 
grown, large amounts  of beef infusion cause complete sedimentation 
of Microbe G and little or no agglutination of Microbe D. 
What is more,  the  graphs  would appear  to indicate  that  beef in- 
fusion, per se, does not cause the agglutination.  It merely widens the 400  ~£ECttANISM  OF  G:RANULAR  GROWTI~ 
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Fig.  2. 
acid agglutination optimum zone.  This is  clear from the fact that 
small amounts of beef infusion do not cause a flocculation independent 
of the CR+. 
Suspensions of Types D  and  G  were similarly tested against de- 
creasing concentrations of peptone (Fairchild) at various Cn+.  The 
technique of the experiments was identical with that for beef infusion. 
The peptone solution from which the various  dilutions were made 
TABLE  IV. 
Peptone A gglutinat,  ion of Microbe G at Varying CH+. 
pH 
7.5-6.1 
5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
I 
per  xt 
Amount  of peptone, 
0.5 
0 
++ 
C 
C 
C 
C 
C 
+ 
0.25 
] per  cen__._~t 
0 
Tr. 
Tr. 
C 
C 
C 
C 
+ 
0.2 
percent 
0 
0 
0 
C 
C 
C 
C 
Tr. 
0.1  I  0.075  [  0.05 
per cent : per cent [ per  cert._  t 
0  0  0 
0  0  0 
0  0  0 
++  Tr.  0 
c  c  + 
C  C  C 
C  C  C 
0  0  0 
Result. 
Final volume of peptone 
dilutions 1.0 cc.  +  dis- 
tilled  H~O  suspension 
G  1.0 cc. PA~L  H. DE KRUIF 
was  of 1 per cent concentration in distilled water. 
recorded in Tables IV and V. 
TABLE  V. 
Peptone Agglutination of Microbe D at Varying C.+. 
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The results are 
pit 
7.5-3.5 
3.0 
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2.0 
Amount of peptone. 
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It  will  be  observed from  Tables  IV  and  V  that  the  results  are 
strikingly different from those obtained with beef infusion.  Peptone, 
contrary to beef infusion, appears to shift the optimum zone of agglu- 
tination in the direction of a higher Ca +,  and effect analogous to that 
observed in the glycocoll-HC1 buffer mixtures (Table I). 
The optimum for Type G in the lactate and acetate buffer mixtures 
lies between pH 5.0 and pH 3.8.  Peptone changes the optimum to 
pH  3.0  to  2.5.  For Type D,  an  analogous  effect is  observed,  the 402  ~IECHANISM  OF  GRANULAR  GROWTH 
optimum shifting from pH 3.5 to 2.5.  The results recorded in Tables 
IV and V are graphically represented in Fig. 3. 
It is interesting to observe that for Microbe D strong concentrations 
of peptone (0.5 and 0.25 cc. of 1 per cent solution) actually suppress 
flocculation completely at pH  3.0.  The effect of peptone, contrary 
to that of beef infusion, would appear to be a  stabilizing one. 
SUMMARY. 
The acid agglutination optimum of Microbes D  and G is not inde- 
pendent of the nature of the buffer mixture.  Glycocoll-HC1 buffer 
mixtures  cause  complete flocculation at  high  CH +  (2.7 to  2.4),  at 
which points little or no flocculation occurs with the Na lactate-lactic 
acid buffer series. 
Beef infusion has the property of broadening the acid agglutination 
optimum of both Microbes D  and  G,  bacilli  of rabbit  septicemia. 
This extension is in the direction of a lower CH+. 
There is no evidence that the beef infusion has the power, per se, 
of agglutinating these organisms.  It would seem merely to increase 
their sensitiveness to sedimentation in the presence of H ions. 
The data presented explain the mechanism of the granular growth 
character of Microbe G in liquid media as compared to  the diffuse 
growth of Microbe D. 
Peptone  (Fairchild),  contrary  to  beef  infusion,  shifts  the  acid 
agglutination optimum of Microbes D  and  G  in  the direction of a 
higher CH +.  Strong concentrations of peptone exhibit an inhibitory 
effect on the agglutination of Microbe D in the optimum zone. 
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